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During the past few years, particularly in connection with obser- 
vations  on  the  luetin  reaction,  the  typhoidin  reaction,  and  related 
bacterial  skin  tests,  as  well as with  certain skin  tests  made with a 
variety of proteins in  clinical conditions apparently dependent on a 
sensitized state of the patient (asthma, urticaria, etc.), greater inter- 
est has been stimulated in the study of the possible mechanism of these 
reactions and their relation to antibody as well as ferment  concentra- 
tion of the reacting tissues. 
Kolmer (1)  has reviewed the ~ubject in a  recent paper.  He calls 
attention  to  the fact that,  aside from the sharply specific reactions, 
certain non-specific and as yet unknown factors play a  part in some 
of the  skin reactions.  The work that  has followed the observations 
of Sherrick (2) concerning the part the iodides play in influencing skin 
reactivity has emphasized this point of view.  With these considera- 
tions in mind we have undertaken a study of the enzymes of human 
skin and of skin from several of the common laboratory animals. 
Phylogenetically we  might  expect  that  theskin  would  elaborate 
ferments to a  greater degree than most other tissues, since the ecto- 
plasm  of  the  cell  (and  the  differentiated ectoderm) apart from  its 
protective function is  that portion of the  cell  brought  into relation 
with  the  surrounding  medium  and  therefore  intimately  associated 
with any secretory mechanism designed to alter food particles through 
extracellular digestion.  Of course, with the continued differentiation 
into a protective structure we may assume that the ferment secretory 
activity would be repressed.  As far as the literature is available to 
us we  have  found  but  few  references to  work  dealing  with  skin 
ferments. 
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Material.--The skin material was prepared as follows:  The skin was 
stripped from  the underlying  tissue from freshly killed  animals,  and 
from  fresh  autopsy material  in  the  case of  the  human  skins.  The 
animals were not exsanguinated,  so that  the normal amount of blood 
remained in the corium.  With a razor as much of the connective tis- 
sue  of  the  corium  as  possible was  then  removed,  leaving  the  flaps 
practically  free from  connective tissue.  The  skin was next  cut into 
small  bits  with  sharp  scissors,  spread  on  a  glass  plate,  and  rapidly 
dried in an air current at low temperature  (25°C.).  The dried mate- 
rial was then placed in a desiccator over night and ground the follow- 
ing morning.  The powdered skin was put  through  a  40 mesh sieve. 
The dried powder was made up as a 0.5 per cent suspension in isotonic 
salt solution for use. 
Inasmuch  as  the  antigens  ordinarily  employed  in  skin  reactions 
are  largely  protein  in  character,  we  have  endeavored  to  study  the 
proteolytic  processes  of  the  skin  in  greater  detail,  including  (a) 
the  simple autolysis of the skin  (without  altering  the  reaction);  (b) 
digestion  of a  foreign protein  (casein);  (c)  the  relative  resistance  of 
the skin to tryptic digestion;  (d)  the peptidase content of the  skin. 
Autolysis of the Skin.--The skin suspensions were autolyzed for sev- 
eral days under toluene at 45°C.  At definite times, 24, 48,  72 hours, 
etc., 2 cc. samples were withdrawn and the amount of non-coagulable 
nitrogen was determined.  The relative rate of autolysis is illustrated 
in  Text-fig.  1. 
The  human  skins  all  autolyzed  at  practically  the  same  rate  and 
evidently  to  an  extent  equal  to  that  of  the  animal  skins.  On  the 
other hand,  the skin of the young animals  (fetal pig,  young chicken) 
gave no evidence of autolysis, while of  the skins of the adult animals 
that from the frog autolyzed to the greatest extent.  For purposes of 
comparison the autolysis of the liver, dried with its contained  blood, 
is shown in the last curve of Text-fig. 1. 
Protease.--In  order  to  study  the  possible  liberation  of  proteases 
from  the  skin  two experiments  were made.  In  the  first,  1  cc.  each 
of the skin  emulsions was incubated 48 hours  with  2  cc.  of a  1 per 
cent  casein  solution  made  slightly  alkaline  to  phenolphthalein  with 
sodium  carbonate. 
No  alkaline  active protease was demonstrable  by this  means.  In EDNA  SEXSM.ITI'I  AND  WILLIAM  PtgTERS]gN 
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the following experiment the casein solution was prepared slightly acid 
to phenolphthalein,  and in this experiment the digestion of the casein 
proceeded as indicated in the following table: 
Nitlogen. 
mg, 
Liver .......................  0.57 
Normal  human  ...............  0.3 
"  dog ..................  0.29 
"  "  ..................  0.11 
"  "  ..................  0.09 
Nitrogen. 
rt~g. 
Rabbit  ......................  0.20 
Chicken  .....................  0.11 
Pig ..........................  0.00 
Cat .........................  0.00 
Frog ........................  0.00 
Resistance to Tryptic Digestion.--2  cc.  of the  skin  suspension  were 
incubated for 4 hours with 1½ trypsin units.  1 unit digests 2 cc. of a 
1 per cent casein solution in 1 hour.  For purposes of control similar 
tubes  were  prepared  and  immediately boiled.  The  amount  of  the 
increase  in  non-coagulable  nitrogen  as  a  result  of  the  digestion  is 
shown in the following table: 
Nitrogen. 
mg. 
Dog  ........................  0.23 
"  ........................  0.07 
"  ........................  0.05 
Rabbit  .............  : ........  0.17 
Chicken  .....................  0.02 
Pig ....  .....................  0.05 
Nitrogen. 
mg. 
Pig .........................  0.00 
Fetal  pig ....................  0.00 
Frog  .......................  0.00 
Cat .........................  0.00 
Human  (5 specimens)  .........  0.00 
Peptidase.--Peptidase  was determined  by the usual method  of di- 
gesting Witte's  peptone, glycyltryptophane  not  being available, and 
determining  the  formation  of free  tryptophane  with  bromine  water. 
In the tests an equal volume of the skin suspension was mixed with a 
10  per  cent  solution  of  the peptone  and  incubated  for  72  hours,  in 
some  instances  for  120  hours.  The  following  table  illustrates  the 
relative intensity of the digestive effect of the skin. 
Fetal  pig ................  +  +  +  + 
Chicken  .................  +  + 
Cat .....................  + 
Guinea  pig ...............  Tr. 
Human  (normal  boy) .....  " 
All other  human  skins ............  0 
Dog ...........................  0 
Rabbit  .........................  0 
Frog ...........................  0 
Pig ............................  0 
Lipases.--Porter  (3)  in his study of the  distribution  of the lipases 
of the body has noted the relative richness of the skin  tissues in  the 
true lipases and  cholesterolases.  In view of the function of the  skin EDNA SEXSMITH AND  WILLIAM PETERSEN  277 
in  the  elaboration  of  the  sebaceous  secretion  this  is  to be expected. 
Porter  calls attention  to  the possible part  these ferments play in  the 
relative  resistance  of  the  skin  to. tuberculosis  as  well  as  to  the  bac- 
teriological  evidence  that  the  tubercle  bacilli  in  lupus  are  not  only 
few in number but not infrequently lose their acid-fast character. 
The  lipolytic  determinations  were  made  with  the  following  sub- 
strates:  ethyl  butyrate,  10 per  cent butter fat emulsion,  and  10 per 
cent  olive  oil  emulsion.  One  experiment  was  made  in  which  the 
skin powder was added directly to the olive oil without the  addition 
of water.  For purposes of relative  orientation we have used a prep- 
aration of dog liver,  prepared in  a  similar manner  to  tlle  skin,  with 
each  substrate. 
Material. 
Liver  .................................. 
Pig skin, white  .......................... 
"  "  pigmented  ...................... 
Fetal pig skin  ........................... 
Human skin  ............................ 
Chicken  "  ............................ 
Cat .................................... 
Frog  ................................... 
Dog  .................................... 
Rabbit  ................................. 
Guinea pig  ............................... 
Substrate. 
b~ 
~thy| 
tyrate. 
C¢. 
1.5 
0.5 
0.37 
0.75 
0.1 
0.15 
0.1 
0.15 
0.0 
0.23 
0.23 
0.25 
0.25 
0.20 
0.20 
0.20 
Olive oil  I  Butter fat.  emulsion.  Olive  oil. 
CC.  C¢,  CC, 
0.74  3.5  6.0 
0.6 
0.95 
0.66 
2.00 
0.65 
o. 59 
0.50 
0.55 
0.6 
0.45  0.22 
o. 47  o. 14 
0.3  0.12 
0.5 
0.47 
0.86 
0.54 
o. 75 
0.20 
0.15 
0.15 
0.35 
0.15 
In  all  cases  the  incubation  was  for 24 hours  at  45°C.  and  the  re- 
sulting acidity has been expressed in cc. of 0.05 N sodium hydroxide. 
Catalase.--The  catalase content of the skin was determined by the 
ordinary volumetric method and  the  results  are  expressed  in  the ac- 
companying charts in  cc. of oxygen liberated by 100 rag. of the dried 
skin  from 50  cc.  of a  50 per  cent peroxide  solution. 278  SKIn ~'~.RM~TS 
It will be observed that there is considerable variation ~n the skins, 
from the 43 cc. liberated in 30 minutes by the young chicken skin to 
none in the case of frog skin.  The skin of the depancreatized dog re- 
tained its  catalase content despite the fact that  the content of the 
I'IINUTE5  4.  8  12.  16  20  2.4  2~  32,  56 
TExT-FIG. 2.  Determination of the  catalase content of the skin of different 
animals. 
other tissues  (liver and heart muscle),  as  determined  by  Kennedy 
and Burge (4),  is decidedly reduced (Text-fig. 2).  A  comparison of 
the fetal and adult skin, made on the skin of pigs, would indicate that 
the fetal skin contained considerably more catalase than  that  of the 
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For  purposes  of  orientation  we  have  studied  two normal  human 
skins from  accident  cases and  two skins  from pathological  postmor- 
tem  material,  one  acute  alcoholism,  the  other  pregnancy,  abortion, 
and  peritonitis.  The  normal  skins  ar6  evidently higher  L~  catalase 
content  than  the  skins  from  the  pathological  cases,  but without  an 
OXY6EN 
LIBERATED 
HINUTE5  4  ~  12..  16  ~0  Z4"  28  30 
TExT-FIG. 3.  Comparison  of the catalase  content of the fetal and adult  skin. 
extended series of observations it would be impossible to drawdefinite 
conclusions concerning this point  (Text-fig. 4). 
Diastatic Ferments.--Progressively diminishing  amounts of the~skln 
suspension were incubated for 24 hours with 2 cc. of a  1 per cent solu- 
tion of starch,  and  the  digestive activity was titrated.  The relative 
diastatic  activity of the tissues was found to be as follows: 280  SKIN  FERMENTS 
37  ° 
D 
24 hrs. 
Fetal pig  ......................  32 
Chicken..." ....................  16 
Liver  .........................  16 
Boy  ..........................  12 
Frog ..........................  12 
37* 
D-- 
34 hrs. 
Cat ............................  12 
Human ........................  4 
Guinea pig  .....................  4 
Pig ............................  4 
Rabbit .........................  2 
OXYGEN 
LI~ERATF-.D 
CC 
40 
36 
3'2 
28 
?_4 
20 
16 
12 
,9, 
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TExT-FIG.  4.  Catalase content of  two normal skins and two skins from patho- 
logical postmortem material, one acute alcoholism, the other pregnancy, abortion, 
and  peritonitis. 
DISCUSSION  AND  SUM]KARY. 
That a definite change in the reactivity of the skin takes place dur- 
ing  the  transition  from  infancy  to  childhood  has  been  repeatedly 
noted.  Rolly  (5),  working with  a  variety of bacterial toxins, found 
that infants did not react, but that reactions occurred with advancing EDNA  SEXSMITH  AND  WILLIAM  PETERSEN  281 
age.  Similarly Tezner (6), using Witte's peptone,  colon bacilli,  and 
tuberculin observed that at about the period that the skill of children 
became  increasingly  sensitive  to  tuberculin,  a  corresponding  reac- 
tivity was manifest toward the other antigens.  It seems possible to 
• us that this phenomenon is related to the alteration in the ferments 
of the Skill that takes place during the transition period. Thus  while 
the protease of the adult type of skin causes a definite autolysis, that 
of the fetal skin does not,  the synthetic potential evidently predomi- 
nating.  Of  greater  significance seems to be the fact. that  the  skin 
of the young animal contains peptidase to a considerable amount, while 
the adult skin seems to be without this ferment activity, 
If we assume that  the disintegration of the native protein of the 
antigen is essential in eliciting certain skin tests, it would seem proba- 
ble  that  the splitting would be less apt  to  take place in  the young 
skin in which the lytic effects of the ferments are relatively suppressed. 
On  the other  hand,  the young skin,  containing peptidase, would be 
able to digest rapidly any antigen consisting of partially hydrolyzed 
proteins--as  tuberculin--and in  this way detoxicate and remove the 
noxious material.  From these considerations the undoubted alteration 
of the skin reactivity taking place after infancy seems definitely cor- 
related with changes in  the proteolytic ferments.  Ill how far  they 
enter into and alter the specific reactions cannot be determined from 
the limited data so far available. 
Of the other ferments, the lipases,  as pointed out by Porter,  are 
possibly of importance in the resistance of the skin to tuberculous in- 
fection.  It will be observed from the table that the activity of these 
skin ferments is  less manifest in  their  action as  esterases, on  ethyl 
butyrate,  than on the neutral fats used, oleic oil and butter fat,  in 
this way differing from the activity of the serum.  The relative resist- 
ance of the skin to tuberculous infection can, however, hardly b e due 
to the activity of the lipase alone, for it must be  kept in  mind  that 
the lepra bacillus,, also rich in lipoids,  is enabled to proliferate well 
within the epithelial tissues. 282  SKIn  ~ER~_ENTS 
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